SUMMARY The clinical entry characteristics and medical history of 142 resuscitated out-of-hospital cardiac arrest victims with coronary heart disease were studied in order to identify factors that affect their longterm survival. The cardiac arrest event was classified as being secondary to an acute myocardial infarction (AMI) in 44% (62 of 142), an ischemic event (IE) in 34% (49 of 142) and a primary arrhythmic event (PAE) in 22% (31 of 142). The majority of patients in all groups had a history of angina pectoris. Twenty-seven percent of the AMI, 55% of the IE, and 71% of the PAE patients had a history of infarction. Ten percent of the AMI, 31% of the IE, and 55% of the PAE had used digitalis before their cardiac arrest. Cardiac arrest was the first cardiac event in 35% of the AMI, 16% of the IE and 6% of the PAE patients. One year after arrest, 89% of the AMI, 80% of the IE and 71% of the PAE were alive (p < 0.01). Covariate analysis for more than 40 variables indicates that a high-risk group that included 22% (31 of 142) of the cardiac arrest victims had 1-and 2-year survival rates of 71% and 55%, respectively, and was characterized as having used digitalis before arrest, experiencing blood urea nitrogen elevation and pulmonary congestion during the hospitalization for the event, and classification of the cardiac arrest event as a PAE. A low-risk group comprised 78% (111 of 142) of the survivors and had 1-and 2-year survival rates of 85%9 and 69%, respectively. These data indicate that cardiac arrest due to coronary heart disease is secondary to several mechanisms related to subsequent survival.
MOST coronary heart disease deaths occur suddenly outside the hospital. Many victims are being resuscitated after sudden cardiac arrest outside the hospital, reflecting the success 'of well-trained emergency medical squads (EMS). Persons who have been resuscitated after cardiac arrest have a high mortality rate,1-4 and represent a population in which a variety of medical and surgical interventions may be tested. Study of survivors of sudden cardiac arrest can also increase our knowledge about mechanisms of death in coronary heart disease. For these reasons, considerations of their history, entry event and subsequent mortality is important.
Initial clinical studies of cardiac arrest victims resuscitated outside the hospital suggested heterogeneity in the extent of coronary heart disease and in the mechanisms of death.'-" In this report of patients resuscitated outside the hospital after cardiac arrest due to coronary heart disease, we describe the clinical characteristics of the patients before their arrest, the event itself and the immediate postresuscitation course, and correlate these'observations with the long-term survival of the resuscitated patient.
Methods
All emergency cardiac arrest runs of the EMS and all successfully resuscitated cardiac arrest victims in Lucas County, Ohio (population 484,370), Kent County, Michigan (population 411,044) and Southfield, Michigan (population 69,285), from July 1, 1975 through June 15, 1979 were registered. The EMS squads were the primary responding unit and were comparably equipped, trained and staffed with paramedic personnel. All emergency cardiac runs were counted regardless of the status of the patient at arrival. An emergency cardiac run is defined as the dispatch of the EMS for an event not related to trauma associated with a cardiac arrest either at arrival or during transit to the hospital. The mean arrival time was 4.73 minutes for all runs and 3.87 minutes for the successfully resuscitated patients. A total of 1913 cardiac arrest events occurred before the arrival of the emergency medical units and 258 occurred after arrival of the unit, for a total of 2171 arrest events. Of the 258 cardiac arrests that occurred after arrival of the EMS, 180 occurred before transit, 73 occurred during transit and before arrival at the emergency room and five occurred with an unknown time sequence. Arrival time (response time) was calculated from the initial'emergency call to the arrival of the EMS. In some cases, the event had occurred so long before that any reasonable possibility of a successful resuscitation was unlikely. Nevertheless, these runs were included so as to understand the logistic problems of these EMS programs. Of these 2171 patients, 1754 (81%) were dead on arrival at the receiving hospital. Of the 417 patients who survived to reach the hospital, 112 (27%) died within the first day, an additional'136 (33%) died before discharge and 169 (40%) were discharged alive. Successful resuscitation was considered to have occurred when the patient was discharged from the hospital. For this group of 977 patients, 169 (7.8%) were considered to be successful resuscitations. These emergency runs occurred in 166 patients, three of whom had successfully treated repeat arrests.
While in the hospital, the patients were registered and laboratory and electrocardiographic data were collected. Hospital and EMS records were reviewed for clinical information relating to medical history.
The patients were classified as having coronary heart disease or other forms of cardiovascular disease. Patients were classified as having coronary heart disease if they had electrocardiographic evidence of an old or new myocardial infarction, if angina pectoris was present, or if coronary arteriography demonstrated significant disease. Of the 166 patients successfully resuscitated, 142 (86%) were classified as having significant coronary heart disease and are the population analyzed in this study.
Serum enzyme determinations for each resuscitated patient were reviewed at the hospital. Patients in the study were admitted to many different hospitals; thus, no standardized normal enzyme levels were available. Therefore, we used a relative change in serum enzyme concentration and considered a value twice the upper limit of normal at the receiving hospital as an abnormal value. Enzymes considered were creatinine phosphokinase (CPK), serum glutamic-oxalacetic transaminase (SGOT) and lactic dehydrogenase (LDH). All three enzymes determinations were available in all patients. In situations where CPK or LDH were not twice normal, LDH isoenzyme or CPK-MB fraction were also measured. LDH isoenzymes were separated by electrophoresis and an abnormal pattern was considered to be present when LDH1 equalled or exceeded LDH,2. CPK-MB fraction was measured using electrophoretic separation with visualization of the fluorescent band measured qualitatively for its presence or absence. The presence of MB-CPK alone or an abnormal LDH isoenzyme pattern was also considered to be abnormal. If three of these five tests were abnormal, the patient was considered to have evidence of myocardial enzymatic ischemia. Electrocardiographic evidence of myocardial ischemia was considered to be present when, in the presence of normal intraventricular conduction, T waves became negative with or without associated ST-segment depression or when ST-segment depression or elevation greater than 1 mm was recorded. The 142 patients with coronary heart disease were classified into three groups using enzyme and electrocardiographic information ( Group 3 patients did not demonstrate sufficient elevation in serial enzyme determinations to fulfill the criteria of myocardial enzymatic ischemia. Serial changes in the ST and T waves were recorded in some of these patients.
All other victims without evidence of coronary heart disease were excluded from further data analysis. Of the 142 patients in whom a diagnosis of coronary heart disease was established, 62 (44%) were classified as AMI, 49 (34%) as IE, and 31 (22%) were considered to have had a primary arrhythmic event (PAE).
Patients were interviewed 2 months after discharge and every 4 months thereafter, at which time the clinical status of the patient was evaluated. Hospitalization, nonfatal and fatal events were identified, reviewed, and classified for each of the 142 patients. Witnessed death within 1 hour of symptoms was classified as sudden death. Prodromal symptoms were defined as either the development of new symptoms or increase in the frequency or duration of previous symptoms.
An extensive data base, involving several hundred variables on each patient, has been assembled and stored in disk files on the University of Michigan Amdahl 470/V8 computer. These data were analyzed within the Michigan Interactive Data Analysis System (MIDAS) package and other special-purpose programs developed in the Department of Biostatistics. The Cox-Breslowl, 7' life-table procedure was used to adjust the survival curves for relevant covariables.
Results
The success of the out-of-hospital resuscitation is directly related to the arrival time of the EMS, based on the total of 169 cardiac resuscitations. If cardiac arrest was present upon arrival of the EMS, it was associated with a 6.5% (124 of 1913) success rate. If the arrest occurred after arrival, the success rate was 17.4% (45 of 258). The overall success rate was 7.8% for our entire population and was related to the duration of the arrival time of the EMS ( fig. 1 ). When the EMS arrived in less than 3 minutes, 10.2% (80 of 781) of the victims were resuscitated. This success rate fell precipitously as arrival time was prolonged. In those who had a cardiac arrest after arrival of the unit, either before or during transit, arrival time had little significance.
The distribution of patients in each group is shown in table 1. The classification system was developed to establish whether the arrest event was either an AMI, an IE, or an episode lacking evidence of myocardial enzymatic ischemia, defined as a PAE. The fact that SUDDEN DEATH SURVIVORS/Goldstein et at. Most of the patients in the PAE group had a history of cardiovascular disease. Twenty-seven percent of the AMI group, 55% of the IE group and 71% of the PAE group had a history of infarction. Evidence of congestive heart failure, manifested by the use of digitalis before the arrest event, was more frequent in the PAE group (p < 0.05). Prodromal symptoms, usually present for less than 1 hour before arrest, were commonly reported in all three groups. Pain and indigestion were more common in the AMI group. There was no difference among the three groups in the duration of the prodromal symptoms. The estimation of the frequency of prodromal symptoms is based on a small fraction of all cardiac arrests, the survivors. The presence of prodromal symptoms could be a factor in their survival. Analysis of the arrest arrhythmia at onset of EMS monitoring, when the arrest occurred before EMS arrivals (table 3), indicates that ventricular fibrillation was more common in the AMI and IE groups compared with the PAE group (p < 0.01) and asystole was more common in the PAE group (p < 0.01).
The survival experience for the patients classified according to the entry event subgroups is shown in figure 2 , beginning from arrest event and for a maximum of 54 months of follow-up. The cumulative survival rates are significantly different (p < 0.05) among all three groups. The survival rate at 1 year for the AMI patients was 89%, for IE 80% and for the PAE 71%. This comparison is not adjusted for other relevant covariates, such as age, history of medications, or other signs and symptoms.
An extensive list of potential risk factors relating to history, entry event classification and the severity of the entry event itself (more than 40 in all) was examined initially using the Cox patients, using the largest chi-square value at each step as the selection criterion, provided that the increment in the chi-square statistic was significant at the 5% level. At each step, the statistical significance for including a given variable in the model is assessed by subtracting the chi-square value associated with the model selected at the previous step, which includes all the other covariates, from the chi-square value obtained by adding the given variable. For example, the incremental chi-square statistic for inclusion of variable 9 at step 2, having selected variable 5 at step 1, is 10.46 (22.52-12.06). Because each of these nine variables is either analyzed as a continuous or as a dichotomous variable, each of these increments in the chi-square criterion has one degree of freedom; consequently, at each step the inclusion of a given variable is statistically significant at the 5% level if this difference exceeds 3.84. In this analysis, age and blood urea nitrogen (BUN) concentration were used as continuous variables. The single best predictor of survival for these data at step 1 is a history of digitalis therapy; at step 2, the highest concentration of the BUN during the entry event; at step 3, pulmonary congestion during the Consequently, the covariates in the model in order of their statistical importance characterizing the survival experience of these 142 patients and also describing high-and low-risk groups are the use of digitalis before the entry event; the highest BUN concentration during the acute event; pulmonary congestion on x-ray associated with the entry event; and the classification of the event as a PAE.
The survival curves for the low-risk (AMI and IE) and high-risk (PAE) groups adjusted for the other covariates, based on the final model for the 142 patients, are displayed in figure 3 . The low-risk group includes 78% (1 1 1 of 142) of the total survivors and the high-risk group makes up 22% (31 of 142). The 1-and 2-year survival rates for the low-risk group were 85% and 69% and for the high-risk group, 71% and 55% (p < 0.01). Therefore, the two curves for figure 3 demonstrate a significant (p = 0.01) difference when adjusted for the covariates.
The mode of the subsequent death of the resuscitated victims is shown in table 5. Sudden death was the most common mode of death for the group as a whole. The occurrence of sudden death and death due to congestive heart failure differed in the two risk groups. Using the previously identified covariates, there was no significant difference in the covariateadjusted survival curves ( fig. 4) for the high-and lowrisk group for recurrent sudden death (NS). Death due to congestive heart failure ( fig. 5) , however, was more frequent in the high-risk group (p < 0.05). Discussion There is little question but that the success rate of the out-of-hospital resuscitation by the EMS is in a large part related to the arrival time after the onset of the acute event, which is influenced by the topography and population density of the region served. Our units serve a large geographic area, encompassing rural, suburban and urban areas that are distinctly different from those described in other experiences limited primarily to highly urbanized areas. Thus, our mean arrival time of 4.73 minutes was relatively long compared with urban units.8 Bystander cardiopulmonary resuscitation before EMS arrival may also have an impact on survival rates,9 10 although not studied in this series of patients. In our analysis, we included all emergency cardiac runs and arrest rhythms regardless of the status of the patient upon arrival of the EMS. This approach is somewhat different from that of other groups reporting similar data. There were a surprising number of arrests in transit, which was, in terms of percent of resuscitation success, the most effective part of the program.
Other studies" 2, 5, 11 have noted that victims of cardiac arrest frequently have a history of cardiac disease, particularly of prior myocardial infarction. Death may be sudden, but it is usually not without some warning. Our study confirms these findings. The frequency and type of preexisting heart disease, however, is different in the three groups. History of myocardial infarction was infrequent in patients with AMI. Cardiac arrest was the first cardiac event in 35% of the group. However, the majority of cardiac arrest survivors have evidence of previous heart disease. In fact, 77% (110 of 142) of the total group had a history of cardiac disease and 46% (66 of 142) had a previous myocardial infarction. Prodromal symptoms were common in all patients, but acute chest pain was more frequent as a prodromal symptom in the AMI patients. Ventricular fibrillation was the most common cause of cardiac arrest, with its highest incidence in the AMI and IE groups. Asystole and complete atrioventricular block were successfully treated in 1 1 of 103 arrests. Brady-asystolic cardiac arrest is a significant problem in out-of-hospital arrest and occurred in 25% of spontaneous arrests attended by paramedics'2 and was associated with a poor immediate prognosis. 13 Liberthson et al.,5 in a combined clinical and pathologic study of out-of-hospital cardiac arrest, observed that 39% of their patients experienced an AMI as an entry event, 34% had ischemia without infarction, and 19% had no evidence of ischemia or infarction. Our observations are similar. In an autopsy study, Love- ' Using this criterion, they had an incidence of IEs similar to that in our study. Closed-chest massage and multiple defibrillation did occur in many subjects in this study without achieving our criterion of myocardial enzymatic ischemia. Previous studies', have indicated that in man, direct-current electrical countershock caused elevation of CPK concentration with only modest increase in the MB fraction, slight elevation of the SGOT and little, if any, elevation in the LDH.17' 18 Although these studies are not entirely comparable to the resuscitation experience, they do lend support to the view that arrest and cardiopulmonary resuscitation can occur without release of enzyme in the blood sufficient to exceed the threshold used in this study as an indicator of enzymatic myocardial ischemia. We believe that the observed enzyme elevation in the IE group indicates that significant myocardial ischemia occurred in association with the arrest. Nevertheless, we cannot state unequivocally that the enzyme abnormalities are not secondary to the arrest event.
Analysis of survival of the population resuscitated is important to our understanding of the natural history and mechanism of death in patients with coronary heart disease. Studies of victims of out-of-hospital cardiac arrest indicate that those who had transmural myocardial infarction or enzyme evidence of myocardial necrosis did better than those who lacked such evidence. In our study, the 1-and 2-year survival rates for all patients with coronary heart disease of 84% and 67% are almost identical to those reported by Cobb et . 2) , when the data were adjusted for the covariates related to left ventricular function and BUN elevation, it became part of the low-risk subgroup. The adjusted survival curve for the low-risk group was almost identical to the unadjusted survival curve for the AMI alone, since left ventricular dysfunction was infrequent in this group. This low-risk group made up of the AMI and the IE group comprises 78% of our total population. This model,-however, must be tested in subsequent populations in order to be validated. The patients in the PAE group constituted the highrisk group. The unadjusted survival curve for the PAE group changed very little when adjusted for evidence of left ventricular dysfunction, because it was such a dominant feature of this group. The mode of recurrent death in the high-risk group also differed from that in the low-risk group. Recurrent sudden death was the dominant feature in both high-and low-risk groups, but death due to congestive heart failure was of added significance in the high-risk group. Sudden cardiac death was the mode of death in 54% of our patients.
Resuscitated out-of-hospital cardiac arrest victims and other patients with coronary heart disease show a similar variability in the clinical manifestation of their disease. Therapeutic attempts directed at decreasing the mortality of coronary heart disease should take this information into consideration when testing the effectiveness of these interventions.
